Many different concepts for three terminal devices have been proposed in the past 1 . The essential electrical properties of the SFFR based on niobium technology have already been described in 2 . Some additional properties and the switching behaviour of the SFFR are presented in this paper.
The cross section of the SFFR in Fig. 1 reminds of a field effect transistor with a superconducting channel. To estimate the strength of a possible field effect, the characteristic parameter α = L D / ξ(0) 3 has been evaluated, where L D is the Debeye length and ξ(0) the coherence length at 0 K. The value α Nb = 2.6 ⋅ 10 -3 indicates a negligible small field effect. The function of the SFFR is based on other physical effects, which will be discussed in the next section. Although there is no field effect, the usual notations for field effect devices will be used. The channel layer of the SFFR is a 30 nm thick Nb film with a critical current density in the range of j C = 10 7 A/cm 2 and a critical temperature T C = 9.3 K. The channel region of the SFFR is covered with a 10 nm thin Nb x O y layer. The gate electrode is realised with an Al -Nb double layer, alternative gate materials are discussed in 3 . The leads to the gate electrode are on top of an 300 nm thick SiO layer.
A detailed description of the fabrication process is given in 4 .
Operation modes of the SFFR
As reported earlier 2 , the critical current of the channel can be varied reversibly by applying a suitable gate voltage. In Fig. 2 the critical current in the channel and the gate current are plotted as a function of the gate voltage.
The gate current shows a non-linear voltage dependence above a positive and below a negative threshold voltage. There are different possibilities for such a carrier transport through an insulating film 5 . A linear dependence between the logarithm of the normalised gate current and the inverse temperature was found 4 indicating a carrier transport according to the Poole -Frenkel effect 5, 6 . This model explains the strong increase of the gate current at the threshold voltages by localised electrons in the gate oxide, which become mobile due to the strong electric field. The gate current versus voltage has been calculated according to 6 and plotted as a solid line in Fig.   2 with the oxide thickness as the only fitting parameter.
The critical current of the channel is strongly reduced above the threshold voltagesV TH . This effect is caused by the increase of the gate oxide conductivity by more than two orders of magnitude, which changes the boundary conditions at the top of the channel layer. In the switched -off state, for gate voltagesV G <V TH , the SFFR can be considered as a superconductor -insulator system. In the switched -on state, for gate voltagesV G >V TH , the SFFR changes to a system superconductor -normal conductor. The thickness of the superconducting channel layer is smaller than the coherence length, so that a strong interaction between the two layers takes place, enhanced by the absence of a Schottky barrier between the Nb channel and the 'quasi -metallic' Nb x O y gate oxide 2 . The energy gap of the superconductor is reduced in such systems 7 , so that the critical current and the critical temperature are decreased.
To understand the function of the SFFR, it is necessary to measure the channel current versus Beside the normal conducting state the SFFR exhibits a second kind of conductivity for gate voltagesV G >V TH and channel currents smaller than the corresponding critical current of the channel. In this range flux -flow motion 8 owing to the applied gate voltage is assumed to take place. To test the assumption, the mean pinning force f p = I C * B per unit length of a vortex was measured at 6.15 K for different gate currents in external magnetic fields oriented perpendicular to the device 2 . It could be demonstrated, that gate voltages above V TH yield a strong depression of the pinning force, so that the channel region switches from a type II superconductor with pinned vortices to an ideal type II superconductor with flux flow 8 .
The correlation between the reduction of the energy gap and the depression of the pinning
forces is yet not understood, so that additional experiments are needed to explain the physical behaviour of the SFFR in more detail.
There 
Measurement of characteristic switching times
To measure the expected small switching times of only few picoseconds the coplanar waveguide layout in 
